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棒阵列膜与 FTO 基底之间结合力弱的技术问题，并且首次通过水热法在 FTO 基
底表面制备了膜层厚度~30μm 的金红石 TiO2 纳米棒阵列。实验表明，通过更新
水热溶液和多次水热生长，在 FTO 基底表面成功制备了膜层厚度达~74μm 的金





率达到了 7.91%，这是目前国际上基于一维金红石 TiO2 纳米棒阵列光阳极的染
料敏化电池所取得的最高效率之一。 
















Dye-sensitized solar cell is one of the most promising solar energy conversion 
devices, because of its various superior advantages, such as low-cost, relatively high 
efficiencies and designability of its components, and so forth. Conventional 
dye-sensitized solar cells (DSCs) are based on anatase TiO2 nanoparticle films. 
Although a high efficiency of ~12% has been achieved by DSCs based on the TiO2 
nanoparticle films, the randomly distributed TiO2 network leads to a severe 
recombination problem of photo-generated electron, which is detrimental to further 
improve the performance of DSCs. One-dimensional (1-D) TiO2 nanoarrays have the 
potential to enhance the performance of DSCs, because such an architecture provides 
direct electronic transport paths for photo-generated electrons, which is expected to be 
beneficial for improving the electron transportation as well as charge collection 
efficiency at the conductive electrodes. 
Among all the 1-D TiO2 nanomaterials, 1-D rutile TiO2 nanorod arrays (NRAs) 
is one of the most suitable candidates as the photoanodes of DSCs, owing to its 
excellent chemical stability, good crystallinity that can be directly obtained by 
hydrothermal growth, simple preparation processes, low production cost and a wide 
variety of growth substrates. However, to date, the reported efficiencies of the DSCs 
based on rutile TiO2 NRAs are relatively low, mainly due to the low specific surface 
area of the photoanode material. Therefore, developing rutile TiO2 NRAs on 
transparent conductive glass substrates with large surface area is of key importance. 
The present work mainly focuses on developing a facile and effective method for 
fabricating rutile TiO2 NRAs with high specific surface area and applying as the 
photoanodes in DSCs, aiming to improve the efficiency of the DSCs. The main results 
achieved in this work are listed as following: 
1) Densely aligned single-crystalline rutile TiO2 NRAs was prepared directly on 















introduced to enhance the specific surface area of the as-prepared rutile TiO2 NRAs. 
Systematical investigations were performed to identify the effect of hydrothermal and 
etching conditions on the morphology of rutile TiO2 NRAs. The experimental results 
indicated that the etching treatment is able to effectively enhance the internal surface 
area of the rutile TiO2 NRAs. Moreover, it can improve the adhesion between the 
rutile TiO2 NRA film and the FTO substrate. An efficiency of 5.94% was achieved by 
the DSC based on ~8.3 μm etched rutile TiO2 NRAs, while only 1.30% was obtained 
by its un-etched counterpart. 
2) The adhesion problem was solved by introducing a pre-treatment of FTO 
substrate, and we demonstrated, for the first time, that ~30 μm rutile TiO2 NRAs can 
be prepared on the pre-treated FTO substrate in a one-pot hydrothermal process. 
Furthermore, we found that by repeating the hydrothermal circle and refreshing the 
growth solution, the film thickness can be increased up to ~74 μm. In addition, a 
facile method was developed for rapid growth of rutile TiO2 NRAs on pre-treated 
FTO substrates, in which ~15 μm film can be prepared simply under 150℃ 
hydrothermal reactions for 3h. Finally, ~21 μm rutile TiO2 NRA was selected for 
further experiments and suffered from different etching duration in order to enhance 
its internal surface area. According to the experimental results, we found that novel 
porous rutile TiO2 NRAs with remarkably enlarged internal surface area can be 
developed in result of the etching treatment. By applying ~21 μm porous rutile TiO2 
NRAs as the photoanodes of the DSCs, an optimized efficiency of 7.91% was 
achieved, which is, to the best of our knowledge, the highest efficiency for the DSCs 
based on rutile TiO2 NRA photoanodes. 
































表 1.1 现有可再生能源的现状和潜力比较（单位：1018J/a） 
Table 1.1 Comparison of the situation and potential of current renewable energy 
sources (Unit: 1018 J/a) 
种类 当前用量 技术潜力 理论潜力 
氢能 9 50 147 
生物能 50 >276 2900 
太阳能 0.1 >1575 3900000 









































早在 1839 年，法国科学家 Becquerel 就发现光生伏打效应，但直到 1883 年
美国科学家 Fritts 才使用 Se 膜研发出世界上第一个大面积的太阳能电池。在那
段时期，太阳能电池发展相对较缓慢。1954 年，美国贝尔实验室的科学家报道
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